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SINGLE-POINT CIAMCNC-TURKED MIRROR PERFCRMAMCE
BEFORE AKD AFTER POLISFING* .

Jon £. Sallid
University of California
Los Alamecs Scientific Laboratory
Los Alamos, M 8754§

Abstract

The surface finish of a single-point ciamonc-turned (SPCT) mirrer sroducec in 1§77 on
the large {2-meter swing) Excello lathe at che Lnign Cerbice Ccrporation’s Y-12 Plant in
Dak R1dce, Ternesses, was such that it was nact possible to co visible alignment using 1t.
Therafore, it was necassary to pclisn the mirror 5y hanc. This was acne at the University
sf Arizaona. The intent was t. removs the high ridges in tna SP07 mirror but nct to ce-
grege the figure. Both {interferometric ana encircled energy messurements weére mace on the
mirrcr Sefore anc after polishing. The mirrcr was an f/i¢ off-axis parabgla 35.37 cm in
diameter. The esquaticn describing the senerator of the mocther parabols 15 y¢ = 309x(cm2)
«nd the certer cf each off-axis sister mirrcr is at x = 7.6% cm, anc y = 45.59 cm. After
selitning it was possible to 21i3n it using *echnieues which emplcyed visible 1ight.

Farthermcre, the pclished mirror was atout 20X better as far as the rms surface figure
was concernec, alincugh cosmaticaily the surface firnish agperrec visibly cegracac after
pelish.

cescripticn of Aoparatus

The ancircled ereray was measured using a l&«inch-dierater collimator which was oper-
ateqg Scth in tne visible anc at 1%.6 um. The cevice is a mocifiea Cavicscn Nccel I7

The cutcut 1s annular with 39.% cm outsice ciameter and 3.6 c¢m insice ciametear.
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Alignment was dene in the visitle @nc checkec for collimation with a lateral shearing
fnterfercmeter. The output was 2lanar tc cettar than A/1G at 633 nm, peak-tec-valley
{p=v;. The f/2 off-axis paratols was =cuntec on tre tast r2ii. ihe parabola was reugh
alisnea using the versicn of the Hartmarn tast (cevised by Cuentin Xlinger, EZ4G, Los
Alamos! asnich 1is usec en Yeth the Gemin{ and Kelios laser systems. The final alignment®
was achjevec uging the star test wheraby the image 1is examineo microscopiceliy.

The vis!ble sgurce ~as renlacea witn a 1C.6-um ragfaticn source {3 Mcaei 941 Syivaria;
ana the cutput examined fcr unifcrmity with 3 fyrcelectric vigicen. ZEncirclec energy
measurements were macde as {llustrateg in Fig. 1. The deteciors were thermistc-: a < the
pinhcles ware changed manually. The fccal volume was searches out fo= each --radl. by
translating tae pinkole in x, y, 2nd 2 until 2 maximum ratio w~as cbteined. The s nchro-
nous chopper had reflecting blaces sc that the reflected signal coulc te seen Dy zateac:icr
Eﬁ which previcded the raference. 1t raacd the integrated signal over a square wiliimeter.
The gsinholes were iG, 25, 5C, 75, 1GC0, 15G, 2CC, 300, and 4CC um 1n siZe.

Figure 2 shews 8 schematic representirg the optical 12 ¢
fccal length of the collimating paradclr {5 127 inches and t ¢1i length ¢ :ne mirror
under test ads 31 inches. Thus, the {liumirating pinhele magec it che focal pline
sf the off-axis paraboly, tut cemagnifiec by a1 “acter of 2i/107. Thae aiffracticn-liniies
spet sice for tne off-axis f/Z parabgla is abecut 50 um. The image cof the largest »i-ncle
usec im the collimator wes less *han nal¥ the ciffraction limitac spot siZe c¢f 60 um,
What we sbserve in the focal plane cf the %est twirror is sssentially {ts ciffracticn
perfzrmance.

¢ the experimer:. Tna

Figure Measurgmants

Figure 3 shows plats of the theoretical ciffraction limitad serfermance ane ths mais-
urements maze Sefare and arfter oo2lisning. These results ars recrccucidle to hette= tnan
5. Aligrment wes vari{fiea by tipoing anc¢ :1lting the paradoli {1 the maridenal arc tan-
g.n;i?l planes untii the hignest sijnal was cotaines 3% the “2-:5 chrouch s 17G.um
pinheolae.
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The tcp curve in Fig, 3 {1s the ‘thecraticel ciffracticn lim!ted rerformance. Abcut
:l.4% of the ene-gj {s centeined within the first rull in the {rpulse response sr point
spread furnctiecn (PSF). The curve drawrn ‘hrough the t-iangles renreterts the encircled
--~2rqy measursd on the a2c-maclgpec parebcla. ficte that G5.6X of the ensar5y is conteined
»itnin the first null of the . The razio 65.6/31.% = G.3i1 cen ta thecught af as the
Strenl ratio for the team. It 1s a measure cf the cptical guality cf the beam. From it
one mdy infar the rms figure error in the optical compcnaent via tae relatianship

S ® exp - (ki)z ’

shere « = 27/, 2anc 3 is the rms wavefront arrcr.

Thus, for the as-macniined casea we cbtain 3w 3, 5736% at 1C.6 um {5.75%3% um eor 30.E4-
kin.). This compares fzvcr2bly with (.0558% ros a¢ 10,6 zm (C.56i53 um or <3.Z5 winr.),
which was neasurec for 2 sister mirrcr. @2y that, we mean that it was Jut at the same time
an¢ in the sara fixtuyre., There were s5ix sucn sisters 1In each jarent fixture wxnick were
all turnecd sicmultanecucly. The measurament s3n the sister mirror was mace intsrferpmet-

rically in the visibie, &nc the recuctior wes zore using the FRINGE (I computer ccce.t

The curve ccrnecting the f3y11 circles was obtainec zr the “c1ishe’ mirrar. It gives
3 Strehl of G.57 and an rms figura errcr of 0.0554% rms at 10.6 um ($.5266 um or 24.765-
pin,), or abeut 2 Z0% improvement 1In surface figurs

To put these figure measurements in ;ers;eciive, they represent 3 %twC= COr thred-year
cl4 techrolcgy. 7Tne mirrors were cut cn 2 machine of vary large cipacicy (:re Eacells).
2ich a large machire will ast preccuce the 52st surface finish. The micnines have Lsen im-
pr-ved ARd ara 2xpactec to meat the specificaticns far *he Antares ‘2ser mirrcrs which are
s 6 uin. rms.

w

Sxperimentally {1t was reticec that there w«ds no cirrerance in signal wiz: “he <0G-um
sinhole in cr out. The cet.cior si2e is a2bout 1GGO um. Therefcre, all the ¢ 'es abave
sere made by rarmalizing the data to the theoratical value 2t 4C0C uxm. % shouic 2¢ netsa
*hat all the experiments say is that there {is 11tile chenge tatween the ererj; csllectsaoa
cetweer 466 um 2nc I5CC um. {f there 15 21 troac "wing"™ %to the PSF thesa measuremerts ara
insansitive o {®

Gonclusionr;

In conclusten, <he palishning which tais =irrar raceivees (2C hrs p2lisning, EC hrs
tasting) not only imprcved the surface finfisn, *herady allowing 21ijnment in the visibla,
ov¢ improvec the surface fisure by a mccest 20%.
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Fig. 1. Scnematiz 4iaira= 11lus=rating the ap- fig. 2. Schematic afagram 1ilu55racing 2
=ics used t0 produce the 21limasad %ast ceam ADDAraAtus used 0 make tne Anciriiea saergy
us4a to make the ancircied nergy Teasyrements. Teasjyraments.
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Fig. 3. Encirciad ener3yy vs pinhole aiamela2r, three caseas:
A. Jiffragtion limiced
8. Ag-machinag

C. After polish



